Pseudomonas syringae pv. actinidiae (PSA) strain is a major problem for the kiwifruit industry worldwide. So far, 5 biovars of PSA have been identified, of which the most virulent form is biovar 3. This is the only biovar that has been detected in Chile, which is the third kiwifruit exporter country and is currently suffering from canker disease produced by PSA. Single nucleotide polymorphisms (SNPs) analyses have classified the biovar 3 strain into three groups: the European, the New Zealander and the Chilean groups, which have evolved from a common Chinese PSA ancestor. Although Chilean strains have been used in phylogenetic analysis, there is no information about genomic diversity within this group or whether they present microbiological characteristics that could affect its virulence. In this work we studied 15 Chilean bacterial isolates collected from orchards with canker disease symptoms, and classified them as PSA using a different PCR techniques. To gain more information on the relationship between the isolates we sequenced part of three conserved genes widely used to classify bacterial strains: gtl (Citrate Synthase), rpoD (Sigma subunit of RNA polymerase II) and gyrB (Gyrase B). Using these sequences we performed a phylogenetic analysis that included some PSA reference sequences. Fourteen PSA Chilean isolates were grouped with PSA reference strains and three of them formed a subgroup within the PSA clade, suggesting clear differences at the genomic level among the isolates. We evaluated three microbiological traits in all the isolates: motility (swimming and swarming), and ability to induce a hypersensitive response in tobacco plants. All the isolates were able to induce the hypersensitive response in tobacco plants and were also able to perform both types of movements in appropriated growing conditions. PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2787v1 | CC BY 4.0 Open Access | rec:
INTRODUCTION
The plant disease produced by the bacterium Pseudomonas syringae pv. actinidiae (PSA) is the 40 most important threat to the kiwifruit industry worldwide (Cameron & 45 PSA was first reported in Japan (1984) (Takikawa et al. 1989 ); Korea (1989) (Koh et al. 1994) 46 and; in the early 90's, in Italy (Scortichini 1994 ), although at that time the disease was highly 47 destructive in Japan and Korea, the consequences for the kiwifruit plants in Italy were no more 48 than leaf spot and twig dieback in some orchards (Cameron & 94 move toward a more favorable environment through swimming, which is the individual 95 movement of one bacterium, mainly driven by its flagella (Sokolov et al. 2007 ). This movement 96 allows them to find and associate to more complex bacterial structures, forming multicellular 97 communities (Sokolov et al. 2007; Verstraeten et al. 2008 ). These surface-associated 98 multicellular communities are often used by bacteria because they give them several advantages 99 over the individual-cell mode, particularly regarding their resistance to stressful environmental 100 conditions or to chemical compounds (Verstraeten et al. 2008) . It has been shown that PSA is 101 able to form biofilms, sessile bacterial communities embedded within and attached to a surface 102 (Ghods et al. 2015; Renzi et al. 2012 ). This association allows the bacterial community to be 103 protected from several stress conditions in both, epiphytic and endophytic colonization phases. 104 The swarming movement is another example of bacterial multicellular association, but in this 105 case the final purpose is the collective movement over surfaces. This bacterial motility also 106 requires the flagella, and in some cases the development of secondary structures and changes in 107 cell morphologies (Verstraeten et al. 2008) . The swarming process is the fastest way for a 108 bacterial community to move over colonized surfaces (Eberl et al. 1999; Kearns 2010) . Italian 109 PSA strains were able to perform swarming and swimming movements (Patel et al. 2014 ).
110 Biofilm formation and swarming motility are controlled in opposite ways (Caiazza et 188 211 previously reported for PSA, in contrast with our negative control PstDC3000 strain which 212 shows just one band of around 490 pb (Fig. 1A) . The same result was obtained using RG-PCR, 213 where specific PSA primers were used to amplify the ITS region (Fig. 1B) . In this case, a PCR 214 product of the same size as that of PSA was observed in a PstDC3000 DNA sample, used as a 215 negative control of the technique. According to these results, 14 bacterial isolates correspond to 216 PSA, while sample 8 does not. Furthermore, we evaluated the biovar of the PSA Chilean isolates 217 using specific primers to identify biovars 1 and 2 (Lee et al. 2016) (Fig. 1C) . None of the PSA 218 isolates nor the 10627 strain biovar 3 used as a control (b3) showed the reported PCR products 219 for biovar 1 and 2, except for the positive controls (genomic DNA from 9617 (biovar 1) and 220 KACC 10754 (biovar 2). This result suggests that the populations analyzed do not correspond to 221 PSA biovar 1 or biovar 2.
222 Phylogenetic analysis of PSA Chilean isolates. 223 To confirm the previous results and to gain more insight into the phylogenetic relationships 224 between PSA Chilean isolates, we amplified the sequences from three different genes that are 225 conserved in bacterial species (Butler et (Table 1) .
247 Evaluation of the SA Chilean isolates in their ability to trigger the HR in tobacco plants 248 Other feature reported for PSA is their ability to generate HR in tobacco plants (Scortichini et al. Figure   253 3). Suspension of PSA isolates prepared to OD 600 =0.01, corresponding to 10 7 cfu/ml, were 254 infiltrated in half of tobacco leaves and the remaining halves were mock inoculated. In parallel, 255 the same suspensions were plated on King's B-agar plates to confirm the initial bacterial 256 inoculum. After 7 days, the HR was very strong in the Pst DC3000 strain, while the PSA isolates 257 showed a wide range of HR, being the strongest one that generated by PSA isolates 9 and 13 258 (Figure 3) . To confirm the successful containment of the bacteria, we took tissue from the mock 259 inoculated side of each leaf and performed the quantification of PSA in King's B-agar plates as 260 previously described (Greenberg et al. 2000) . We did not observe growth of PSA on the plates, 261 confirming the development of a successful HR in tobacco leaves for all PSA isolates.
262 Swimming and swarming movements of PSA Chilean isolates 263 Bacterial movement can be an important factor in the interaction with the host (Scharf et al. 264 2016). Thereby, we evaluated swimming and swarming movements in the 14 PSA isolates. 265 These movements depend of the presence of at least one functional flagellum (Kearns 2010). As 266 shown in Figure 4 all the isolates are able to perform the swimming movement in a PG-0.3% 267 medium (individual bacterium movement powered by the rotation flagella), in accordance with 268 the pink halo around of the bacteria inoculation sites (Fig. 4A) . The 14 PSA isolates also show 269 the swarming movement, most of them displaying a classical dendritic pattern (Fig. 4B) . 284 These structures are no present in PSA that are not swarming. The structure observed has the 285 appearance of secretion vesicles, but further analyses are necessary to confirm this result.
286 DISCUSION 287 The bacterial canker disease produced by Pseudomonas syringae pv actinidiae infection has 288 provoked extensive damage in kiwifruit producer countries, and Chile has not been the 289 exception. In this work we studied 15 bacterial isolates collected from orchards showing canker 290 disease symptoms in the region of Maule, Chile, in 2012 and 2013. The bacterial isolates were 291 studied at the molecular and microbiological levels, identifying them as PSA biovar 3 (Fig 1) 292 with differences in their conserved genes glt, rpoD and gyrB, that allowed us to identify 293 subgroups in the populations studied (Fig. 2) . The microbiological characteristics analyzed in 294 this study show that all the PSA isolates behave similarly in their ability to trigger HR in tobacco 295 plants (Fig. 3) , and also in their swimming and swarming motility (Fig. 4) . TEM analysis 296 indicates that PSA Chilean isolates show changes in the morphology of the bacteria plasma 297 membrane (Fig. 4C) , suggesting an active secretion system. 298 Identification of PSA through PCR methods 299 The identification of PSA from infected orchards is an issue that has been addressed by different 300 research groups trying to find the fastest and more accurate method. A rapid method for PSA 301 detection is essential for preventing and controlling PSA infections. 302 In order to study the Chilean isolates we used three PCR methods based on primers specifically 303 designed to detect PSA. The most consistent results were obtained with the Duplex PCR (Gallelli 304 et al. 2011), which indicated that fourteen of the fifteen isolates were PSA, and allowed us to 305 eliminate the bacterial sample called PSA8 as PSA (Fig. 1) . These results were confirmed by the 306 sequencing of the three conserved genes used to build the phylogenetic tree. The primers for RG-307 PCR were designed to amplify the internal transcribed region between the ribosomal genes 16S-308 23S (Rees-George et al. 2010). Amplification products of the right sizes were observed in all the 309 PSA samples. However, there was also amplification from DNA of the negative control 310 PstDC3000, indicating that this method has to be complemented by sequence analysis of the 311 amplicon. Nested PCR is considered to be a highly sensitive technique because of the use of a 312 primary PCR product as template for a second and more specific amplification (Biondi et al. 313 2013) . However, it frequently shows inconsistencies between different replicates, and was 314 therefore no used in this study. In our hands the most efficient method to detect PSA was the 315 Duplex PCR. There are a number of other methods we did not test in this study, included qPCR 316 analysis that could be more sensitive in detecting PSA, however, this is a complex technique that 317 may be difficult to use as a fast diagnostic tests. 325 We analyzed a small PSA Chilean population using the partial sequences of three conserved 326 genes glt, rpoD and gyrB, and compared them to the sequences of PSA reference strains (Fig. 2) . 327 As previously reported, the number of genes we used to build the phylogenetic tree were not 328 enough to distinguish among biovars, but it was sufficient to detect subgroups among the 329 Chilean PSA isolates. In the MVLA study we also found different groups within the Chilean 330 population. In fact, when we analyze 13 VNTR loci, the most variable group is the Chilean one.
331 This can be seen in a Neighbor-Joining dendogram (Ciarroni et al. 2015) . Both results suggest a 332 high divergence within the PSA biovar 3 of the Chilean population, which could be explained by 333 the introduction of more than one biovar 3 strain or by the introduction of one strain that is in 334 constant change in order to better adapt to new environmental conditions. Further genomic 335 analyses are needed to distinguish between these hypotheses.
Microbiological features of PSA Chilean isolates
337 HR is triggered by PSA Chilean isolates 338 Due to the differences at the genomic level, we asked whether these differences could also be 339 observed in the phenotypes. One of the characteristics of PSA strains is the ability to trigger HR 340 in tobacco. We observed that all Chilean PSA isolates produce this response in tobacco plants, 341 albeit with different strength (Figure 3) . It has been shown that Pseudomonas syringae pv tabaci 342 and Pseudomonas syringae pv macuolicola trigger morphologically different programmed cell 343 death processes (Krzymowska et al. 2007 ).
344 Therefore, the plant might not equally recognize PSA isolates. In some cases the response is very 345 fast and strong and in others it is barely noticeable. Nevertheless, the HR triggered by PSA 346 isolates in tobacco are efficient in containing the spread of the pathogens. Moreover, all the 347 isolates are efficient in infecting kiwifruit. On the other hand, the fact that PSA provokes HR in 348 tobacco plants means that this pathogen is recognized as such by the plant. Therefore this system 349 could be an important source of information on the proteins involved in the generation of 350 induced immunity, which could be used in the future in kiwifruit plants. . We showed that all the Chilean PSA isolates have the swimming and swarming motility, 364 characteristics previously described in Italian strains (Patel et al. 2014 ). The swarming 365 movement was not identical in all the strains, but they all show a dendritic pattern already 366 described for other strains. Using TEM we could not observe the flagella or flagellum structures 367 neither in the swarmers nor in the non-swarmer cells, probably due to the technique used to 368 prepare the samples. Nevertheless, we did find morphological changes in the swarmer cells (Fig.   369 4C) . In 90% of the bacterial population we observed protrusion of the plasma membrane, which 370 could correspond to an active secretion process. It was reported that swarming motility requires a 371 viscous slime layer composed of carbohydrates, proteins, glycolipids, peptides, surfactants, etc; 372 which allow them to keep the humidity they need to facilitate movement (Daniels et al. 2006;  373 Eberl et al. 1999 ). We speculate that the formation of vesicles on the membrane surfaces might 374 be an indicator of the formation of the slim layer that improves bacterial movement.
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